Variation in plant quality can transmit up the food chain and may aVect herbivores and their antagonists in the same direction. Fungal endosymbionts of grasses change the resource quality by producing toxins. We used an aphid-parasitoid model system to explore how endophyte eVects cascade up the food chain and inXuence individual parasitoid performance. We show that the presence of an endophyte in the grass Lolium perenne has a much stronger negative impact on the performance of the parasitoid Aphidius ervi than on its aphid host Metopolophium festucae. Although the presence of endophytes did not inXuence the parasitism rate of endophyte-naïve parasitoids or their oVspring's survival to adulthood, most parasitoids developing within aphids from endophyte-infected plants did not reproduce at all. This indicates a delayed but very strong eVect of endophytes on parasitoid performance, which should ultimately aVect plant performance negatively by releasing endophyte-tolerant herbivores from top-down limitations.
Introduction
Natural communities and ecosystems have a huge diversity of species, which corresponds with an enormous diversity of interactions among species. To understand the nature and magnitude of these interactions among species within whole communities it is important to estimate the impact of species loss on ecosystem functioning (McCann 2007) . Such biotic interactions can be direct, involving only two species (e.g. plant-herbivore interactions), or they can be indirect, involving more than two species (e.g. trophic cascades, apparent competition; Strauss 1991) . Indirect eVects are common and important for structuring natural communities but are only detectable by experimentation (Holt and Lawton 1993; Müller and Godfray 1999; Werner and Peacor 2003) . Indirect eVects propagating upward or downward through a food chain are called trophic cascades and may be common in many ecological communities (Carpenter et al. 1985; Pace et al. 1999; Schmitz et al. 2000) . Classically, trophic cascades are deWned as "top-down" when the removal of predators results in decreased plant abundance through release and increase in herbivore numbers (Hairston et al. 1960; Pace et al. 1999) . For example, the removal of largemouth bass, a top predator in prairie streams, leads to a decrease in algal abundance caused by an increase in herbivorous minnows (Power et al. 1985) . However, cascading indirect eVects can also propagate upwards or "bottom-up".
Bottom-up cascades are generally less well studied, but are common in terrestrial systems as a structuring force (Hunter and Price 1992; Denno et al. 2002) . In contrast to top-down cascades, most studies on bottom-up cascades show directional responses that are the same for herbivores and their natural enemies, i.e. poor plant quality decreases herbivore population density as well as natural enemy performance and good plant quality enhances herbivore abundance as well as natural enemy performance (Hunter and Price 1992; Nakamura et al. 2005; Kagata and Ohgushi 2006) . For example, Nakamura et al. (2005) showed that increased foliage sprouting after a Xood increased the abundance of leaf beetles and their natural enemies. It has also been shown that bottom-up cascades can be triggered by allelochemical compounds of plants, but here the cascading eVects on natural enemies are reported to be weak or absent (Kagata and Ohgushi 2006 ; but see Soler et al. 2005; Ode 2006 ). This interruption of cascading eVects by allelochemicals can be caused by herbivorous insects that are resistant to the plant's defensive toxins or by herbivores accumulating plant secondary compounds within their own body tissue and using them for their own defence against natural enemies (Barbosa et al. 1991; Francis et al. 2001) . Chemical defences are not produced exclusively by plants themselves, but also by symbiotic associations of plants with microbes, as is the case for many grasses that are poorly protected by secondary plant compounds but frequently associate with systemic, seed-borne endophytic fungi that produce herbivore-toxic compounds (Clay 1990; Bush et al. 1997) .
Endophytic fungi (= endophytes) live intercellularly in leaf and stem tissue (Clay 1990; Schardl et al. 2004 ). The consequences of this grass-fungus alliance for herbivores are fairly well understood, especially for endophytes of the genus Neotyphodium found in association with cool-season grasses, where they reduce herbivore performance in most cases (Faeth and Bultman 2002; Hunt and Newman 2005; Meister et al. 2006) . A few studies have shown that grass symbionts can trigger bottom-up cascades and alter the performance of and the interactions among consumers and their natural enemies at an individual, population or community level (Omacini et al. 2001; Finkes et al. 2006; de Sassi et al. 2006) . However, experimental studies on endophytes and their eVects on higher trophic levels are still rare (Faeth and Bultman 2002; Müller and Krauss 2005) . Existing studies have generally found negative eVects on herbivores and no or negative eVects on the associated natural enemies (Barker and Addison 1996; Bultman et al. 1997 Bultman et al. , 2003 Goldson et al. 2000; de Sassi et al. 2006 ). However, no study so far has investigated the eVects of endophytes on the reproductive ability of parasitoids developing within herbivores feeding on endophyte-infected plants.
Other studies on endophytes and parasitoids have mainly concentrated on the parasitism rate (= attack rate) of endophyte-naïve individuals and on developmental time and survival to adulthood of their oVspring (Barker and Addison 1996; Bultman et al. 1997 Bultman et al. , 2003 . Here, we additionally examine fecundity traits (i.e. Wtness) of parasitoids because changes in fecundity traits of individuals will ultimately determine the dynamics of whole populations. In addition, we do not restrict the study to simple parasitoid responses but follow the oVspring generation through its development and its own reproductive performance. This allows for the detection of possibly delayed eVects of endophytes on parasitoid Wtness. The eVects of endophytes on natural enemies may be: (1) direct (fungal-derived toxins accumulate in the prey or host tissue and directly harm predators and parasitoids); (2) indirect via changes in herbivore densities (density-mediated); or (3) indirect via changes in life histories, body size and/or the behaviour of herbivores (trait-mediated; Wootton 1993; Abrams 1995; van Veen et al. 2006) .
By manipulating endophyte presence in the basal resource, we can compare multi-trophic interactions among consumers and their enemies on grasses with and without endophytes. This approach allows studying changes in basal resources and the associated cascading eVects upwards in the food chain. The aphid-parasitoid system proves to be a good model system to test the eVects of endophytes on several trophic levels. Aphids feed directly on the phloem sap of the plants and are thus intimately aVected by the host plant quality (Dixon 1998 ) and possibly by its infection status. Parasitoids are also intimately linked to their aphid host's metabolism as their whole development occurs within the host's body (Godfray 1994 ) with potentially close contact to accumulating toxins in host tissue and haemolymph. Measurements of attack rates, longevity and reproductive success of parasitoids allow a direct link to be made between life history traits and expected population densities and dynamics.
Here, we tested for the eVects of the endophytic fungi Neotyphodium lolii Glen, Bacon and Hanlin, a fungal endosymbiont of the pasture grass Lolium perenne L., on individual life history traits of the cereal aphid Metopolophium festucae Theobald and on Wtness estimates of its primary parasitoid Aphidius ervi Haliday (Braconidae: Aphidiinae). This food chain occurs naturally on wild grasses, even though the tested grass-endophyte association is of agricultural origin. We followed parasitoids over two generations; the endophyte-naïve parental generation and the Wrst oVspring generation that developed within aphids feeding on either endophyte-free or on endophyte-infected grass. For the parental generation, we measured diVerences in attack rates, and in the Wrst oVspring generation we tested several life history traits including fecundity (= lifetime reproductive success). To separate the eVects of endophytes on parasitoid fecundity from those on oviposition decision behaviour per se, females of the Wrst oVspring generation were all oVered aphids from endophyte-free plants. We hypothesized that herbivores reared on endophyte-infected grass and primary parasitoids emerging from these herbivores both have Wtness disadvantages that are reXected in life history traits. We found that endophyte infection had a much stronger impact on parasitoids than on aphid hosts. Parasitoids developing within hosts from the endophyteinfected environment suVered from strongly reduced reproductive performance.
Materials and methods
L. perenne seeds were provided by Brian Tapper (AgResearch, New Zealand). All seeds were the Grassland Samson cultivar and were either uninfected (E¡; identity number, 11104; <0.01% infection) or infected with the common wildtype N. lolii endophyte (E+; identity number, A12038; 89% infection). The infection status of the seed batches was checked with a combination of microscopic examination of stained seeds and immunoblotting of stems (see Härri et al. 2007 ). The stock culture of M. festucae was started in summer 2005 with a few individuals collected from L. perenne near the University of Zürich, Switzerland. This aphid culture was maintained on commercially available endophyte-free fodder grass, L. perenne Arion (Fenaco, Winterthur, Switzerland; staining of 30 seeds, 0% infection).
A. ervi belongs to the subfamily Aphidiinae, which are solitary koinobionts that attack the nymphal stages of aphids and develop within the still growing hosts. The killing of the aphid and the formation of the mummy, in which the parasitoid larvae pupates, occur after the aphids reach adulthood or in a late nymphal stage (Godfray 1994) . The stock culture of A. ervi was started with 250 individuals bought from Andermatt Biocontrol (Grossdietwil, Switzerland). A. ervi was kept on M. festucae feeding on endophyte-free L. perenne Arion. All insect cages and experiments were kept in controlled environment chambers at 22°C with a light:dark 16:8-h light regime.
Life history of the aphid M. festucae
To test for the eVects of N. lolii on individual life history traits of M. festucae, single Wrst instar nymphs were each followed for their whole life on cuttings of either E¡ or E+ L. perenne. Cuttings were used instead of potted plants to follow individual aphids over their entire lifespan, as individual aphids are easily lost on potted plants. Additionally, grass cuttings are easier to handle and allow for more uniform conditions for each aphid. We assume that the eVects of the cuttings on aphid performance are relatively similar for E¡ and E+ plants. We replicated each treatment 20 times and cuttings were exchanged every second day. The measured life history traits were: (1) developmental time (time from Wrst instar nymph to a mature adult); (2) fecundity (total number of oVspring produced during an adult's life); (3) daily fecundity (mean number of nymphs produced per day during the period of adult life); and (4) lifespan (here deWned as reproductive lifespan, i.e. the number of days as adult). After death, the hind tibia length was measured for each mother to assess possible eVects on body size. Body length and hind tibia length have been shown to be highly correlated for a related aphid species (Meister et al. 2006) . Tibia length measurements were also taken for the Wrst ten nymphs of each mother, at the age of maximally 1 day after birth.
Life histories of the parasitoid A. ervi
The duration of the experiment covered three parasitoid generations: the parental generation and the Wrst and second oVspring generation. This allowed us to measure lifetime reproductive success of parasitoids and possible delayed eVects on parasitoid Wtness developing on aphids from E¡ and E+ L. perenne. Parasitoids of the parental generation originated from a stock culture that had no previous experience with aphids from E+ grasses. The parental generation parasitoids were oVered aphids feeding on either E¡ or E+ plants. The resulting Wrst oVspring generation parasitoids thus developed either in aphids feeding on E¡ (E¡ oVspring) or aphids feeding on E+ (E+ oVspring). The Wrst oVspring generation parasitoids (E¡ and E+ oVspring) were oVered aphids feeding on endophyte-free L. perenne Arion. Their progeny is referred to as the second oVspring generation. All the potted plants used in the experiments were covered with an inverted polyethylene bottle that had two windows covered with mesh for ventilation.
Parental generation
The parental generation was collected as parasitized aphids (= mummies) from the stock culture. After emergence, females were allowed to mate for 12 h with two males of the same age in a plastic vial sealed with a foam stopper (5 cm £ 2 cm). The mating individuals were provided with a piece of apple. This procedure was repeated 40 times to obtain 20 females for each of the two endophyte treatments (E¡ and E+). The female together with the two males were then placed on a pot (E¡ or E+; pot diameter = 10 cm; 100 seeds per pot; 6 days old) with an ad libitum number of aphids (approximately 80-120 aphids) and left for 24 h. After parasitoid removal, the pots were left for 7 days after which aphids were transferred to a fresh pot of grass of the respective treatment (E¡ or E+; pot diameter = 10 cm; 100 seeds per pot; 6 days old). After another 7 days, all mummies were removed and placed singly into gelatine capsules. The mummies in the gelatine capsules were checked twice a day for emergence of the Wrst oVspring generation.
The recorded life history traits of the parental generation were: (1) the proportion of females (mothers) producing mummies, (2) the number of mummies produced per mother, (3) the proportion of mothers producing viable oVspring, (4) the number of oVspring produced per mother, and (5) the sex ratio of their oVspring (proportion of males).
First oVspring generation
The fecundity of all female parasitoids produced by the parental generation was tested on an ad libitum number of aphids (approximately 80-120 aphids) feeding on endophyte-free L. perenne Arion (pot diameter = 10 cm; 100 seeds per pot; 6 days old). The parental generation produced 42 E¡ and 25 E+ females. These females were mated with one similarly aged, preferably unrelated male from the same endophyte treatment, avoiding brother-sister matings. There were not enough males of the same age and treatment to match all the females, so only 32 E¡ and 15 E+ females were mated. Pairs or single females were kept for half a day in a plastic vial without the addition of sugarrich food to ensure mating. Thereafter the females were transferred singly onto the pots with the aphids. After 24 h, the female parasitoids were transferred to a fresh pot with ad libitum M. festucae. This was repeated every 24 h until the female died. Most of the females died within the Wrst 24 h. This resulted in too little variation in the data on longevity to allow for statistical analysis of these data. The short lifetime was probably caused by the absence of sugarrich food in the experimental pots and the relatively small size of M. festucae. Sugar-rich food was not provided as we would not have been able to control for the amount of sugar-rich food each parasitoid consumed.
The pots with the potentially parasitized aphids were left for 7 days before transferring all aphids onto a fresh pot of endophyte-free L. perenne Arion (pot diameter = 10 cm; 100 seeds, E¡ or E+; 5 days old). Aphids were left to form mummies for another 7 days before these mummies were collected and individually placed into gelatine capsules. The capsules were checked daily for emerged parasitoids. The sex of the emerged parasitoids was determined and they were placed into alcohol.
The Wtness estimates obtained for the Wrst oVspring generation were the same as for the parental generation (life history traits, nos. 1-5), but in contrast to the parental generation, these estimates are more meaningful as the individuals were followed and experienced our treatment over their entire lifespan. Therefore, the measurements on the number of viable oVspring refer to total fecundity (= lifetime reproductive success). Additionally, for the Wrst oVspring generation we measured: (6) emergence rate (= survival to adulthood), and (7) days to emergence (= developmental time).
Second oVspring generation
The oVspring produced by the E¡ and E+ female parasitoids from the Wrst oVspring generation are referred to as the second oVspring generation. For the second oVspring generation: (6) survival to adulthood and (7) developmental time were measured as life history traits.
Data analysis
All statistical analyses were performed using R (version 2.5.0 for MacOS X). All mean values are presented as mean § 1 SE. Aphid life history traits were either analysed with ANOVAs with endophyte treatment as explanatory variable or linear mixed eVects (LME) model with endophyte treatment as Wxed eVects and mother identity as random eVect. Developmental time and fecundity of aphids were ln-transformed to meet assumptions of normality and heteroscedasticity of the model residuals. Replication number diVered between treatments because in one replicate the nymph did not reach adulthood and one replication was lost after the nymph reached adulthood. For the analysis of development time, replicates where the nymphs were second instars at the beginning of the experiment instead of Wrst instar were excluded (E+, 5; E¡, 2).
In all the analyses on A. ervi, endophyte treatment was included as a Wxed factor. The measured life history traits were either analysed with ANOVAs, LME models, including mother identity as random eVect, generalized linear models (GLM) with quasibinomial error structure to correct for the overdispersion, or generalized mixed eVects models (GLMMPQL) with mother identity as random eVect and a quasibinomial error structure (Venables and Ripley 2002) . The use of each model is indicated directly in the Results.
For the number of mummies (life history trait no. 2) and the number of viable oVspring (life history trait no. 4) only females producing at least one mummy or one viable oVspring respectively, were included in the analyses. These numbers were ln-transformed. For the analyses of life history traits nos. 1-5 of the Wrst oVspring generation, including the mating status (yes/no) did not explain much of the variance and was therefore neglected. The sex ratios (life history trait no. 5) were only analysed for replicates where at least one female emerged, as only in these cases was it certain that the female had been mated. Including all replicates did not make a diVerence for calculating signiWcance levels. Sex ratios were analysed only for the parental generation, as the lack of oVspring produced by the Wrst generation did not allow for analysis of sex ratios (see Results). The sex ratios and the survival to adulthood (life history trait no. 6) were arcsine-square-root-transformed. For the analyses of developmental time (life history trait no. 7), the sex of the oVspring was included as a Wxed eVect.
Results

Life histories of the aphid M. festucae
The presence of the endophyte in the grass had no clear negative eVects on M. festucae. The developmental time was not signiWcantly inXuenced by the presence of endophytes (ANOVA: F 1,30 = 0.12, P = 0.733; Fig. 1a) . Fecundity tended to be slightly lower on E+ than on E¡ plants (ANOVA: F 1,36 = 3.87, P = 0.057; Fig. 1b) . However, daily fecundity (ANOVA: 
Parental generation
From the parental generation, 14 out of the 20 females on E¡ (70%) and 15 out of the 20 females on E+ (75%) produced at least one mummy; this proportion of females producing mummies did not diVer between the endophyte treatments (GLM: F 1,38 = 0.12, P = 0.732). Also the number of mummies resulting from each female that produced at least one mummy did not diVer signiWcantly between the endophyte treatments (E¡, 12.50 § 2.39; E+, 9.27 § 1.98; ANOVA: F 1,27 = 0.85, P = 0.365). The proportion of parental Developmental time (a), fecundity (b), daily fecundity (c) and adult lifespan (d) for the aphid species Metopolophium festucae feeding on endophyte-free (E¡) or endophyte-infected (E+) Lolium perenne. Error bars show § 1 SE. None of the measured life history traits were signiWcantly aVected by endophyte presence. However, fecundity tended to be slightly reduced on E+ (P = 0.057). n.s. Not signiWcant ( = 0.05) generation females producing at least one viable oVspring (GLM: F 1,38 = 0.00, P = 1.00; Fig. 2a ) and the number of viable oVspring produced by these females did not diVer between the endophyte treatments (ANOVA: F 1,26 = 2.20, P = 0.150; Fig. 2b ). Also the sex ratio of the Wrst oVspring generation with 31.10 § 9.42% on E¡ and 46.59 § 6.04% on E+ was not signiWcantly inXuenced by the presence of endophytes (ANOVA: F 1,26 = 2.01, P = 0.177).
First oVspring generation
Survival to adulthood (proportion of emerged Wrst oVspring individuals out of the mummies produced by the parental generation) was not signiWcantly inXuenced by the presence of endophytes, with 66.06 § 5.58% on E¡ and 52.04 § 6.99% on E+ (ANOVA: F 1,27 = 2.01, P = 0.168). Similarly, the developmental time of the Wrst oVspring generation was not signiWcantly inXuenced by the presence of endophytes (E¡, 18.39 § 0.24 days; E+, 18.59 § 0.39 days; LME: F 1,26 = 0.39, P = 0.540), but as expected for parasitoids, developmental time was approximately 1 day longer for females than for males (females, 18.59 § 0.17 days; males, 17.79 § 0.21 days; LME: F 1,138 = 10.03, P = 0.002).
All of the 42 E¡ and 25 E+ female oVspring emerging in the Wrst generation were tested for their fecundity. Out of these females, 40 E¡ females produced at least one mummy whereas only six E+ females produced at least one mummy (proportion of females producing mummies, GLMMPQL: F 1,18 = 22.44, P < 0.001). The E¡ females producing mummies also produced signiWcantly more mummies than E+ females (E¡, 11.45 § 1.13; E+, 5.33 § 3.94; LME: F 1,13 = 12.36, P = 0.004). For the proportion of Wrst oVspring generation females producing viable oVspring, this diVerence was even more pronounced (GLMMPQL: F 1,18 = 22.76, P < 0.001; Fig. 2c) . However, the three E+ females that had viable oVspring produced a similar number to the 38 E¡ females (LME: F 1,10 = 0.84, P = 0.380; Fig. 2d ). The sex ratio of the oVspring from the E+ females was not analysed, as only one female out of the Fig. 2 Parasitoid performance. The proportion of parasitoid females reproducing on E¡ or E+ L. perenne in a the parental generation and c the Wrst oVspring generation. Mean ( §1 SE) number of oVspring produced by b the parental generation and d the Wrst oVspring generation. For the Wrst oVspring generation, the diVerence in replication between E¡ and E+ and the start of the experiment is caused by the fact that all females produced by the parental generation were used for the test of fecundity and an unequal number of Wrst oVspring generation females were produced on E¡ and the E+ treatments. For the number of oVspring produced (b, d), only females which produced at least one viable oVspring were included in the analyses. n Number of replicates; for other abbreviations, see Fig. 1 three reproducing E+ female parasitoids was previously mated. The one mated E+ female parasitoid produced 25 mummies of which 12 were females. The sex ratio of the oVspring from the E¡ females was 40.22 § 5.76%.
Second oVspring generation
The survival to adulthood (E¡, 49.38 § 3.50%; E+, 41.33 § 20.04%; LME: F 1,13 = 0.71, P = 0.413) and developmental time (E¡, 17.24 § 0.12 days; E+, 16.92 § 0.96; LME: F 1,10 = 0.001, P = 0.975) were not signiWcantly inXuenced by the presence of endophytes. As in the Wrst generation, the developmental time was longer for females than for males (females, 17.76 § 0.12 days; males, 16.79 § 0.09 days; LME: F 1,239 = 42.31, P < 0.001).
Discussion
The presence of a fungal endosymbiont in the basal resource of an insect food chain reduced the reproductive performance of parasitoids even though the associated herbivore species showed no clear negative eVect. The detrimental eVect of the endophyte on the parasitoids was not visible in the parasitism rate of endophyte-naïve females, which suggests that they attack E+ and E¡ hosts equally. However, parasitoids that developed within hosts from endophyte-infected plants had a highly impaired reproduction with only 12% of females from E+ compared to 90% from E¡ producing any oVspring. Endophyte infection did not aVect survival to adulthood but had a strong detrimental eVect on the reproductive ability of these females. The lack of an eVect on endophyte-naïve females coupled with the strong reduction in reproductive ability of their oVspring represents a delayed eVect.
Even though the overall fecundity of the aphid host M. festucae tended to be reduced on E+ plants (P = 0.057), we argue that this species is rather insensitive to endophyte presence. This is mainly because none of the other measured traits showed any diVerences, but also because in a population-level experiment the numbers of M. festucae were similar on E¡ and E+ (Härri 2007) . This lack of a clear negative eVect on M. festucae is also in accordance with Weld studies based on the same and on a diVerent grass-fungus association (Omacini et al. 2001; Krauss et al. 2007 ). This relative insensitivity of the host species towards the presence of endophytes associated with the strong detrimental eVects on the parasitoids contrasts with typical bottom-up cascades, where plant and herbivore consumer levels are aVected in the same direction and at a similar magnitude by changes in the quality of the basal resource (e.g. Teder and Tammaru 2002; Soler et al. 2005) . However, the presence of allelochemicals in host plants may weaken or interrupt trophic cascades (Kagata and Ohgushi 2006) . For example, in tobacco plants with high concentrations of nicotine, little or no eVect on the herbivore was detected, although the toxins caused mortality of parasitoids (Barbosa et al. 1991 ). This phenomenon is referred to as "toxic environmental eVect" (Hunter 2003) but is presumed to be rare (Hunter 2003; Kagata and Ohgushi 2006) . The toxic environmental eVect occurs when herbivores insensitive to certain plant allelochemicals use these substances to defend themselves against attacks by predators and parasitoids (Campbell and DuVey 1979; Kazana et al. 2007 ).
With our experimental set-up, we were able to distinguish between detrimental eVects by endophytes caused during the developmental time and those caused by diVerences in attack rates. Had we not studied the reproductive performance of the Wrst generation, we would have concluded that the parasitoids show no diVerence in behaviour on E+ and E¡ hosts. By following the oVspring performance, we demonstrated that parasitoids developing within herbivores feeding on endophyte-infected plants were negatively aVected and most were unable to reproduce at all. The reduction in reproductive success could have been due to several reasons, which we were unable to identify in our experiment. It is possible that the exposure to toxins during larval development weakened the adult parasitoid females in a way that they were unable to Wnd or attack the aphids, or they attacked the aphids successfully but the eggs may not have been viable and/or not protected enough to evade destruction by the aphid immune system. Herbivorous insects do not have as sophisticated immune responses as vertebrates, but they can encapsulate parasitoid eggs and thus prevent them from developing (Henter and Via 1995; Kraaijeveld and Godfray 1997) . A reduction in the Wtness of parasitoids could also be explained by a small host size (Godfray 1994) . However, as the body size of M. festucae was not inXuenced by the presence of endophytes, we can exclude such an indirect endophyte eVect caused by smaller sized hosts. Sex determination of A. ervi occurs through haplodiploidy, with fertilized eggs resulting in females and unfertilized eggs in males (Godfray 1994) . The impact of the endophytes on the male parasitoids of the Wrst oVspring generation was not measurable, as too few oVspring were born to analyse the sex ratio.
The few studies that have investigated whether endophytic fungi can interact with natural enemies used systems where the herbivore shows a strong reduction in performance on endophyte-infected plants (Barker and Addison 1996; Bultman et al. 1997 Bultman et al. , 2003 de Sassi et al. 2006) . Ours is the Wrst study to show that an herbivore species that is relatively tolerant to the presence of endophytes propagates the endophyte eVects to its enemy and thus receives protection from parasitoids. Ultimately, the stronger negative eVects of endophytes on parasitoids than on herbivores could result in a release from top-down limitation by parasitoids. In combination with the absence of bottom-up limitation of herbivores by endophytes this could lead to pest outbreaks.
In a multi-trophic setting, a plant may be protected from damage by some herbivorous species when entering an alliance with fungal endosymbionts. However, if there are species that can withstand the mycotoxin and additionally transfer toxic eVects to their natural enemies, the plant pays a three-fold cost: it provides resources for the endophyte, it is still attacked and consumed by the particular herbivore that is tolerant to the mycotoxins, and it suVers from an indirect density-mediated eVect of reduced biological control by parasitoids. The proposed view of endophytes as defensive mutualists of plants may therefore not hold when the third trophic level is considered. This provides further evidence that the nature of the relationship between plants and fungal endophytes depends on the biotic and abiotic environment and may range from mutualistic to parasitic.
